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Abstract: 
The Federal Aviation Administration, in an effort to rapidly and efficiently develop new 
fire resistant polymers for use inside airplane cabins, has created the Pyrolysis-Combustion Flow 
Calorimeter (PCFC). The device effectively tests the flammability of milligram samples of new 
polymers. However, the current system requires manual handling at all stages of the process, 
which reduces throughput. The objective of the proposed project is to create a robotic 
mechanism that can minimize human intervention, improve repeatability, and increase 
throughput of the PCFC in flammability tests. The mechanism will utilize a combination of 
customized and off-the-shelf components, engineered to perform precision sample positioning 
with a high reliability and an extensive life cycle. A prototype with mechanical drawings of the 
sample positioning device will be delivered upon completion. 
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I. Introduction: 
Problem Background: 
“The rate at which heat is released by a burning material is the single most important 
parameter determining its hazard in a fire, particularly in an enclosed space such as building, a 
ship, or an aircraft cabin.” [1] Due to this significant problem, the demand for better fire resistant 
materials from which to build airplane cabins is prevalent. In response to this need, the Federal 
Aviation Administration (F.A.A.) has developed a process for characterizing the combustion of 
various plastics with the use of the Pyrolysis-Combustion Flow Calorimeter (PCFC) device. 
Various processes have been used in the past to perform bench scale combustion analysis 
of polymers. These processes have been found effective for use in fire prevention labs for fire 
safety engineers, but they lack the precision for the material engineers who develop the 
polymers. The test results from the bench scale processes were often complicated with many 
variables critical to combustion results and repeatability, such as sample thickness [2], 
configuration [3], and ignition source [4]. The results, therefore, do not provide a direct 
correlation between material composition and its combustion behavior. This combined with the 
extensive setup, combustion, data acquisition, and data analysis time, makes bench scale 
calorimetry a non-viable solution for the fast-paced world of polymer testing. The PCFC device 
was developed, by the F.A.A., to allow smaller samples to be tested faster, with more accurate 
results, in order to “accelerate the development of ultra fire resistant materials.”[1] 
The existing PCFC device has been effective in delivering accurate and repeatable 
results. The F.A.A has received considerable interest from outside organizations. The F.A.A. is 
interested in commercializing the device to meet the demand. 
Problem Statement: 
The existing PCFC devise requires a technician to manually handle the sample 
throughout the testing process. The process includes weighing an empty sample container, 
weighing the container with the sample, placing the container on the end of the pyrolysis probe, 
and then inserting the probe into the pyrolysis chamber as shown in Figure 1. The probe and 
sample must then be removed once the test has completed and the remaining sample is weighed 
again. The positioning of the small sample holder and inserting the probe is difficult and 
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requires a steady hand. The test cycle requires about thirty minutes per sample. It is undesirable 
to repeat this arduous testing process for a large number of samples. 
The F.A.A would like to improve the PCFC system by automating the material handling 
portions of the test procedure. This will make the test more efficient and convenient for handling 
large quantities of samples, thus meeting the needs of the lab, and creating a more attractive 
product for potential customers. The objective of the proposed project is to design a Sample 
Positioning Device to function in collaboration with the PCFC test sequence currently being 
developed. 
Constraints on the Solution: 
The system we create must weigh both empty and full sample holders in order to 
determine the mass of the material. The system will also be responsible for the data acquisition 
of these measurements. The balance selected to perform the measurements must be sensitive to 
0.01 milligrams in order to provide accurate test results. 
Following the weight measurements, the sample must then be placed in the pyrolysis 
chamber. The device utilized to accomplish this, must create an air tight seal when the sample is 
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placed in the chamber. This prevents any loss of the combustion gases during pyrolysis and the 
fouling of test results. The pyrolysis chamber is open to vent exhaust gases at the other end of 
the system, therefore the seal will not have to withstand high pressures. 
Once the test is complete, the sample must be removed, weighed again and the 
measurement recorded. The sample must then be returned and the process repeated with the next 
sample. The system must be able to handle at least thirty samples self sufficiently. This will 
allow the technician to set up the equipment, and then ignore the system for approximately 
fifteen hours while the tests are performed. 
In addition to these constraints, the F.A.A provided the following requirements. We must 
be able to produce the device for less than five-thousand dollars in parts, not including the cost of 
the balance, which will be purchased by the F.A.A under a separate budget. It is also necessary 
to be able to use the device as a bench top unit in a laboratory, which limits our design to a 
footprint of approximately twenty-four by twenty inches. Another highly emphasized 
requirement is that the system performs the tasks reliably and repeatably. This means that the 
movement of the sample from station to station, and into the pyrolysis chamber must be 
extremely precise. Lab-VIEW controls the current data acquisition system and will be used to 
control the Sample Positioning Device. 
Market Analysis: 
Fire properties of materials have a direct bearing on the potential spread of fire. Escape 
time for passengers in survivable post-crash fuel fire on a commercial aircraft is directly related 
to these properties. We are designing the robotic sampler for the purpose of improving fire 
resistant material research at the FAA and ultimately the fire safety of aircraft. 
The fire research center at the FAA is not the only organization that has a need for the 
robotic sampler. Ultimately, we would like to be able to market our device towards other 
companies that have a need to measure flammability parameters of substances. The main target 
will be companies that develop fire resistant materials. The robotic sampler will provide better 
feedback on flammability of new materials and help guide the synthetic effort on improved fire 
resistance. 
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II. Statement of Work: 
Method of Solution: 
Our solution consists of using four main devices to complete the necessary tasks. The 
first device will be a rotating carousel to hold the samples. The carousel will be approximately 
eight inches in diameter and hold about 40 samples. The second device will be the balance, 
which will weigh and record the weight of each sample. We are to investigate different balances 
and advise the F.A.A. on which one to purchase. The third device will insert the sample into the 
pyrolysis chamber. The device will travel vertically to insert the sample into the vertically 
oriented pyrolysis tube (Figure 1). The last and most important feature of the design is the 
material handling device which will move the samples between each of the stations. These 
components will be comprised of off-the-shelf items as well as customized parts. The proposed 
arrangement of these components is shown below in Figure 2 below. The devices will all be 
mounted on a rigid base designed to reduce vibrations, thus resulting in a more reliable system. 
The sample storage carousel will most likely be an off-the-shelf purchase. There are very 
few requirements that are specific to this sub-component and therefore it will not be necessary to 
create a custom carousel. There are many products in the market that could fulfill our needs. 
These products will be researched during the design phase to determine which model meets our 
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requirements in a cost effective manner. The carousel device will be driven by a stepper motor 
to allow very accurate incremental rotation. It is very important that the sample be located in the 
precise area where the handling device will retrieve it. 
Weighing the sample requires an analytical balance with a readability of 0.01 mg. High 
precision is required for the testing to be reliable and since the samples are going to weigh an 
average of one milligram. 
The next step in the sequence is the insertion of the sample into the pyrolysis chamber. 
Here, the arm removes the weighed sample from the balance and places it onto the piston tip, 
which can be seen in figure 3. The ceramic tip sits atop a ceramic rod, both of which will enter 
the combustion chamber. The piston itself is attached to a pressure sensitive actuator, which will 
rise up, inserting the ceramic rod and sample into the combustion chamber. The piston will 
continue upward travel until the O Ring seal seats with the bottom of the pyrolysis chamber, and 
an applied pressure greater than atmospheric is achieved. The other end of the combustion 
chamber is open to the atmosphere, so the seal pressure must exceed atmospheric in order to 
assure that no combustion gases escape except through the designated opening. We are 
considering using a pressure sensitive actuator to insert the sample into the chamber. The 
pressure sensor will be responsible for shutting down the actuator when approximately 15 psi is 
achieved between the O ring and combustion chamber opening. At this point, the piston will 
stop applying pressure and stay in that position until the sample is pyrolized, combusted and 
ready to be removed. The time of combustion and cooling of the rod and tip must be determined 
in order to tell the actuator when to lower the piston. The piston will then retract to its original 
position, and the mechanical arm will move into position to remove the sample container with its 
ash remains. 
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Several factors concerning the piston device will have to be researched during the design 
phase. The design must address which type of actuator is needed, how the actuator connects to 
the sample rod, and how the actuator should be secured to the base. We will also have to 
determine if the actuator requires any accompanying parts. 
The final and essentially most critical element in the proposed design is the sample 
positioning device. This device will be required to move the sample and its contents between 
each of the previously described stages with a proposed accuracy of 15 mils (15/1000 of an 
inch). The positioning device will have four locations or stops in its linear path of travel, the first 
of which will be referred to as the home position. These stops will define the specific mounting 
locations of the carousel, the scale, and finally the combustion chamber and piston device. 
The sample positioning device will be broken into two distinct parts. The first part will be 
called the translation stage, which consists of a stage or block of mounting material that has 
translational motion due to a bearing support that rides on a smooth shaft. Parallel to that shaft 
will be a precision screw, which also serves as support, in addition to preventing rotation of the 
stage with respect to the smooth shaft. The screw will be gear driven by a stepper motor that will 
be controlled by LabVIEW. This screw will translate the rotational motion to linear motion of 
the stage in the direction of the smooth shaft. The second part will be called the clasp because it 
serves as a “hand” to essentially grab the sample container. The mechanism will need to be 
extremely precise yet gentile so as not to crush the ceramic containers which are approximately 
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3/16” in diameter weighing full only a matter of a few milligrams. There are products available 
to accommodate the needs for our application, but again price becomes an issue, so it may be 
necessary to utilize our back-up design. This design incorporates the use of a miniature actuator 
which simply engages or disengages the clasp which will be driven by springs. The use of 
springs will allow us to use set screws to adjust the compressive force applied by the fingers of 
the mechanism in order to not crush the container. The actuator will only serve to expand the 
fingers in the downward stroke and raise the sample in the upward stroke. 
The two parts will be combined and the clasp will be mounted to the stage to provide the 
linear motion of the sample container necessary to move it to each of the stages of the process. 
Despite the light weight of the container and sample, the system will be designed rigidly to 
prevent vibration and promote precise positioning of the sample with respect to the various 
stages. A thorough market study will be a major portion of the design process in order to 
properly spec the necessary parts. In addition, ergonomics and cable handling will need to be 
addressed also in order to make the system both safe, user friendly, and reliable. 
Our group has a majority of the skills required to complete this project. The biggest 
challenge will involve picking the proper equipment to use, and to ensure that it will work 
together properly, and be able to be controlled by LabVIEW. All electrical components will 
ultimately be LabVIEW controlled but the implementation of microcontrollers may be necessary. 
7 
In order to overcome these challenges, we will thoroughly discuss our design requirements with 
the equipment suppliers and pay close attention to their suggestions. Also, we will turn to B.C. 
Chang, our co–advisor, for advice. We will be required to do research on the available parts and 
their interaction with each other to ensure our system works as a whole, and meets the financial 
criteria set for us by the FAA. In addition, we will be in constant contact with Dr. Lyon and his 
staff, double checking our ideas with them. 
We will carry out the computer design portion of the project in our own homes, using 
AutoCAD 14 and ProEngineer 2000i. Physical construction of the system will also be carried out 
in our homes, as well as at The FAA William J. Hughes Technical Center in Atlantic City New 
Jersey. Drexel University will not be required to supply funding, software, or fabrication 
facilities. 
Alternative Solution: 
An alternative solution we discussed was quite similar to the system we selected to use. 
The major difference was that the indexing table, which held the samples, moved from station to 
station, instead of using an arm to move individual samples. The indexing table would first 
move down a track into position directly above the scale. A mechanical arm would lower down 
to the table and grab hold of a sample. The table would then move out of the way, and the arm 
would lower the sample even further onto a scale were it would be weighed. Then it would raise 
the sample back up, the indexing table would slide back into position, and the arm would replace 
the sample. The table would then move onto the next station. Here the indexing table would line 
up directly underneath the combustion chamber, and a piston would rise from below the table, 
particularly, from underneath the selected sample, and would lift it from the bottom. The 
indexing table would have removable trays on which each sample sat. These trays are only 
removable from above; therefore, the piston coming up from the bottom could lift the tray and 
sample, and push it into the combustion chamber. When combustion was complete, the piston 
would lower down, and the tray would rest back on the table. 
The problem with this idea was that the tray had to be small enough to fit inside the 
chamber. Unfortunately, the O-ring which would seal the chamber shut had to be bigger than the 
opening. The O-ring, therefore could not be part of the piston, as it was too big to pass through 
the hole in the carousel in which the tray sat. Also, this system required more motors and 
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coincidentally, more movement. This increased the difficulty of development, as well as the cost 
of the project. 
III. Project Management Timeline 
The senior design project has many important deadlines that need to be met. Having a 
schedule in place in order to meet these deadlines is a major part of the project. A gannt chart 
(Appendix A) has been created to track and meet all the project requirements. Major deadlines 
are symbolically denoted with a diamond. All other activities are denoted with a bar, the length 
of the bar being dependent on the time frame of the activity. One chart was created for the fall 
term and a separate chart was created for the winter and spring terms. The winter and spring 
chart will be periodically updated as the project progresses. 
The first item on the chart is a role out task denoted as ‘fall term’. This item 
encompasses the entire term and ends with the final deadline or milestone of the term. That 
milestone being the proposal presentation scheduled for December 4, 2003. The first milestone 
was for the pre-proposal on October 20, 2003. This is followed by the current milestone, the 
written proposal, due on November 24, 2003. 
Certain tasks within the gannt chart needed to be subdivided into individual team member 
tasks. This is shown in the task tree (Appendix B). The ‘design approach’ task was divided into 
four different subtasks, each to be done by an individual group member. The ‘write proposal’ 
task was also done in a similar fashion. Once these tasks were completed by the individual 
responsible, they were discussed as a team and then integrated together to produce a final 
product. 
IV. Economic Analysis 
The market for an automated PCFC Device is driven by two major factors. The materials 
development market has a direct impact on both industry and the safety of society. Research 
indicates that a demand exists for research and development (R&D) tools that enhance and 
increase product development. The Fire Research Division of the National Institute of Standards 
and Technology (NIST), a government organization, allocated $650,000 of internal funding on 
2002 alone for “High Through-put flammability research.” They state, “We are very excited 
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about the potential this program has to impact the speed of R&D in the flame retardants and 
polymer additive areas. “ The automated PCFC device is a direct response to the “recognition 
that the industry needs more efficient tools for material R&D.”[5] The objective is to create an 
affordable R&D tool whose availability will entice material development corporations with the 
advantage of rapid polymer testing for next generation fire resistant plastics. 
V. Societal and Environmental Impact Analysis 
The robotic sampler has no direct impact on society or the environment. All the testing is 
done at the FAA facility within a private lab and therefore it is isolated from society. The 
sampler will have no harmful effects on the environment. All electronic control devices will 
conform to FCC regulations. 
The sampler will have a definite indirect impact on society. With the implementation of 
our device within the flammability test, fire resistant material research will become more 
efficient and reliable. Improved research will pave the way for improved fire safety, and 
ultimately reduce human casualty in the event of a fire. 
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Appendix B: Project Gannt Charts (2) 
Project Gannt Chart (Fall Term) 
Project/Task 
Fall Term 
Start Senior Design 
Assemble a team 
Decide on a Project 
Contact FAA - Richard Lyons 
Find an Advisor 
Discuss Pre-proposal 
Write Prepropsal 
Pre-proposal due 
Contact FAA to set up a meeting at their facility 
Meeting with Advisor - Dr. Wang 
Meeting at FAA - Atlantic City, NJ 
Design Brainstorm 
Design Approach 
Carousel 
Microscale 
Piston/Actuator Device 
Positioning & Lifting Device 
Write Proposal 
Introduction 
Statement of work 
CADD 
Project ManagementTimeline 
Economic Analysis 
Scocietal and Environmental Impact Analysis 
Submit Rough Draft to Dr. Wang 
Finalize Proposal 
Written Proposal due 
Presentation Planning Meeting 
Design Presentation 
Practice Presentation 
Presentation 
Resp. 
SG 
JS 
AK 
EB 
SG 
SG/AK 
EB 
JS 
EB/AK 
JS 
Start 
22-Sep-03 
22-Sep-03 
22-Sep-03 
22-Sep-03 
6-Oct-03 
6-Oct-03 
13-Oct-03 
14-Oct-03 
20-Oct-03 
20-Oct-03 
21-Oct-03 
4-Nov-03 
5-Nov-03 
5-Nov-03 
5-Nov-03 
5-Nov-03 
5-Nov-03 
5-Nov-03 
10-Nov-03 
10-Nov-03 
10-Nov-03 
10-Nov-03 
10-Nov-03 
10-Nov-03 
10-Nov-03 
20-Nov-03 
21-Nov-03 
24-Nov-03 
25-Nov-03 
26-Nov-03 
2-Dec-03 
4-Dec-03 
Finish 
4-Dec-03 
22-Sep-03 
28-Sep-03 
5-Oct-03 
10-Oct-03 
17-Oct-03 
13-Oct-03 
19-Oct-03 
20-Oct-03 
24-Oct-03 
21-Oct-03 
4-Nov-03 
5-Nov-03 
9-Nov-03 
9-Nov-03 
9-Nov-03 
9-Nov-03 
9-Nov-03 
23-Nov-03 
20-Nov-03 
20-Nov-03 
20-Nov-03 
20-Nov-03 
20-Nov-03 
20-Nov-03 
20-Nov-03 
23-Nov-03 
24-Nov-03 
25-Nov-03 
1-Dec-03 
3-Dec-03 
4-Dec-03 
Sep Oct 
♦ 
Nov 
^ ^ ■ ^ ^ 
Dec 
Project Gannt Chart (Winter & Spring Terms) 
Project/Task 
Winter Term 
Team Building Activity 
Social Meeting with SD Coordinator/Dept. Head 
Team meeting with Dr. Wang 
Visit FAA Facility 
Acquire Necessary parts 
Start Building Protocol 
Visit FAA as necessary 
Team meeting with Dr. Wang 
Social Meeting with SD Coordinator/Dept. Head 
Write Progress Report 
Progress Report Presentation 
Progress Report Due 
Spring Term 
Team Building Activity 
Social Meeting with SD Coordinator/Dept. Head 
Team meeting with Dr. Wang 
Write SD Project Abstract 
SD Project Abstract Due 
Write Final Report 
Submit Rough Draft to Dr. Wang 
Social Meeting with SD Coordinator/Dept. Head 
Finalize Final Report 
Final Report Due 
Presentation Planning Meeting 
Design Presentation 
Practice Presentation 
Final Project Presentation 
Resp. Start 
5-Jan-04 
8-Jan-04 
12-Jan-04 
12-Jan-04 
19-Jan-04 
26-Jan-04 
2-Feb-04 
2-Feb-04 
2-Feb-04 
9-Feb-04 
23-Feb-04 
1-Mar-04 
8-Mar-04 
29-Mar-04 
1-Apr-04 
5-Apr-04 
5-Apr-04 
5-Apr-04 
8-Apr-04 
12-Apr-04 
3-May-04 
3-May-04 
4-May-04 
10-May-04 
3-May-04 
10-May-04 
15-May-04 
17-May-04 
Finish 
8-Mar-04 
8-Jan-04 
12-Jan-04 
16-Jan-04 
23-Jan-04 
30-Jan-04 
2-Feb-04 
27-Feb-04 
6-Feb-04 
9-Feb-04 
7-Mar-04 
5-Mar-04 
8-Mar-04 
21-May-04 
1-Apr-04 
5-Apr-04 
9-Apr-04 
7-Apr-04 
8-Apr-04 
9-May-04 
3-May-04 
3-May-04 
9-May-04 
10-May-04 
7-May-04 
14-May-04 
16-May-04 
21-May-04 
Jan Feb Mar Apr 
♦ 
May 
^ ^ 
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